The recent refinements of ion chromatography have made it easy to determine inorganic ions in biological fluids.'-3 Since proteins as sample components cause deterioration of the analytical column, most samples must be deproteinized, either by adding precipitating agents such as perchloric acid or by passing the sample through a short gel filtration column. However, as these methods for deproteinization are not only timeconsuming, but often result in low recoveries and contamination, they are often unsuitable as sample clean-up procedures. In this paper, we present an automated high performance ion chromatograph system involving direct injection of diluted serum for determination of inorganic anions. The system is based on a deproteinization column and an on-line columnswitching technique.
Experimental

Apparatus
The ion chromatograph system used in this study consisted of a Model HIC-6A ion chromatograph (Shimadzu, Kyoto), equipped with a Model CDD-6A conductivity detector, a Model LC-6A liquid pump, a Model CTO-6A5 column oven, a Model FCV-2AH six-port switching valve, a Model FCV-3AL changeover valve, a Model SIL-6A autoinjector and a Model C-R3A data processor. These instruments can be operated through a system controller SCL-6A with a programmable timer. The columns used were : Shimpack IC-GA! (4.6 mm i.d.X10 mm) as a guard column, Shim-pack IC-Al (4.6 mm i.d.X100 mm) as an analytical column. Polymethacrylate-based resin was used as the packing material for the deproteinization column (4.6 mm i.d.X 10 mm)
Analytical conditions
Analytical conditions are shown in Table 1 . Mobile phase (A) for deproteinization is water, mobile phase (B) for washing the deproteinization column is a mixture of 0.2% triethylamine / acetonitrile (1:1) containing 0.2% Brij-35, and mobile phase (C) for analysis is a mixture of 6 mM boric acid, 18 mM mannitol and 7.5 mM tris buffer. It takes 0.4 min to introduce the effluent into the analytical guard column from the deproteinization column starting from sample injection. Fig. 1 ration.
Flow diagram of IC system automating sample prepa- Table  1 Analytical conditions for anions
Results and Discussion
The procedure and methods for optimizing the analytical conditions are described below.
The schematic diagram of the column-switching valve system is shown in Fig. 1 . The switching valve (FCV-2AH) was automatically rotated from the position indicated by the solid line to the position indicated by the dotted line or in the reverse direction by using the programmable timer. In the first step [I]-the solid line, the serum sample was injected into the deproteinization column by mobile phase A at time zero, while guard and analytical columns were being flushed or conditioned using mobile phase C. After the injection of the sample, the switching valve was immediately rotated to the dotted line position (second step [II]). Effluent from the deproteinization column was introduced into the analytical guard column (IC-GA!) to trap inorganic anions via the switching valve. An optimized minimum volume of the effluent containing inorganic anions was 0.4 ml, that is, the switching valve must be rotated to the solid line position after 0.4 min. In the third step [III], inorganic anions were separated on the analytical column (IC-Al) and detected with a conductivity detector.
At the same time the deproteinization column was flushed by mobile phase B for 3 min and then conditioned by mobile phase A for the next injection.
A reversed-phase resin was used as the packing material for the deproteinization column.
Since reversed-phase mode allows the retention of com-pounds like protein based on the hydrophobic interaction, the deproteinization column was very effective for the on-line pretreatment of the samples. Furthermore, since the polymer-based packing material can be used under alkaline conditions, mobile phase B, which was used as the washing solution of the preparation column, was very effective to remove the protein on the column.
Chromatograms of blank, standard anions and serum, obtained by the present system, are shown in Fig. 2 . No interfering peak could be observed near the elution positions of anions when the blank was injected. To establish the standard anions positions, a mixture of chloride, nitrite, bromide, nitrate, phosphate and sulfate, was injected. As the sample, tenfold water-diluted serum was injected. Calibration curves for anions showed good linearity for both standard solution and spiked serum in the range 0.1-10 µg/ ml. As shown in Table 2 , the recovery with spiked serum was 89.4 -92.8% for phosphate ion and 90.8 -95.1% for sulfate ion. The precision of retention times and peak areas for four anions containing 5 µg/ ml each are shown in Table 3 . The ion exchange resin used for analytical column IC-Al was stable and had longer lives than in conventional use during continuous injection of over 100 samples, because they were not deterionated by serum components such as protein. Fig. 2 Chromatograms of blank, standard anion mixture and diluted serum. Blank, 10 µl of water; standard anions, 10 µl of a mixture of Cl N02, Br, N03, P043" and S042 5 µg/ml each; serum, 10 µl of tenfold water-diluted serum. Table 2 Recovery of added anions in serum 
